Abstract This study investigates the variations of benzene concentration levels in district 1, situated in the north part of Tehran, capital of Iran. Thirty-three stations in five categories, namely roadsides, busy roads, residential areas, traffic intersections, and the vicinity of gas stations, were monitored during the rush hours in the afternoon once a week over a period of 1 year. Accordingly, benzene concentration levels were measured and predicted by inverse distance weight model. The recorded benzene concentration levels were then compared with those reported in other parts of the world. According to the results, the annual concentration levels of benzene was 13.85 ppb for roads with heavy traffic flow, 14.98 ppb for traffic intersections, 29.01 ppb for the vicinity of the gas stations, 3.26 ppb for residential areas, and 9.97 ppb for roadsides. The concentration of benzene in the vicinity of the gas station sampling point was higher than in the other stations, and at all locations was found to be so much more than the standard concentration levels (1.56 ppb) prescribed by Environmental Protection Agency for the ambient air quality. The results of the study revealed that the benzene concentration levels in Tehran are distinctly more than its standard level. This is mainly attributed to the poor quality of fuel and lack of a standard system for controlling petrol vapors in the gas stations.
Introduction
The air pollution due to transportation is one of the most important problems in Tehran, which has yet affected the development of many key projects, including transportation navigation projects (Abbaspour and Soltaninejad 2004) . Tehran can be regarded as one of the most urbanized regions in the developing world, which is currently suffering from severe air pollution. Unfortunately, there are few quantitative studies in regard with the concentrations of volatile organic compounds (VOCs) in Tehran. This may be due to the dominant presence of a range of other pollutants, such as NO x , SO x, and particulate matter, which have overshadowed the role of one of the most hazardous VOCs like benzene in the air pollution studies. Vehicular traffic is the major source of benzene in the atmosphere. Approximately 80-90 % of the benzene in the urban atmosphere has been estimated to be derived from automobile exhaustion (Perry and Gee 1993; Vlachokostas et al. 2011; Batterman et al. 2006; Guo et al. 2007; Han and Naeher 2006; Jafari and Ebrahimi 2007) .
Generally, VOCs are toxic environmental pollutants and usually are monitored in metropolitan areas. They are present especially in high concentration as benzene in urban areas and many of them have adverse impacts on human health (Hsieh et al. 2006; Schifter et al. 2006; Khoder 2007; Karner et al. 2010; Som et al. 2007; Rao et al. 2008) . Benzene is classified as a human carcinogen in category A, providing sufficient evidence to support the fundamental association between exposure and Benzene and cancer (IARC 2012; Theloke and Friedrich 2007; Official Journal of the European Communities L 313 2000) .
In order to reduce benzene exposure levels in urban environments, European Commission set a maximum limit of 1.56 ppb through Directive 2000/69 in 2010. Mean ambient air concentration of benzene in rural areas is about 0.32 ppb and in urban areas the concentration of benzene is in the range 1.56-6.5 ppb (Theakston 2000) . In Japan, the ambient air quality standard for benzene has been set to be 0.85 ppb (Laowagul and Yoshizumi 2009) . In conurbations, which are characterized by both high levels of population density and traffic-related air pollution, traffic is the most important source of ambient air benzene concentration (Colls and Micallef 1997; Bahrami and Edwards 2006) .
Worldwide studies have shown a relation between benzene concentration and traffic flow and streets with high traffic flow have typically double the benzene concentration compared to streets with low traffic flow. Annual averages of benzene concentration have previously been measured in various European regions, as reported by Cocheo et al. (2000) IVL Swedish Environmental Research Institute and Skov et al. (2001) . The annual average concentrations of benzene in metropolitans have ranged from a little ppb to more than 6.25 ppb (Anabtawi et al. 1996) . Benzene concentration in Mexico City has been reported to be 14.46 ppb (Ortiz et al. 2002) . In Milan, benzene concentration was observed to be 0.78-2 ppb (Meinardi et al. 2008 ). In Bangkok, 1.81 ppb was monitored as the average benzene concentration over 5 months (Laowagul and Yoshizumi 2009) . In China, daily average benzene concentration was observed to be 3.6 ppb (Wang et al. 2010) .
Recently with the rapid development of geographic information system (GIS), its application has been extended into many environmental research domains. Some researchers have employed GIS tools to account for the high spatial heterogeneity of local traffic emissions with simple exposure surrogates such as distance-weighted traffic density (Wilhelm and Ritz 2003) . Obee et al. (1998) also applied a combination of mathematical modeling and GIS for estimation of residential risk from industrial air pollution in Mexico. Lin and Lin (2002) developed an integrated simulation system for traffic flow information, air pollution modeling, and utilizing GIS, which integrates a vehicle emission model, pollutant dispersion model, backward trajectory model, and related databases to estimate the emissions and spatial distribution of traffic pollutants in Taiwan. Payne-Sturges et al. (2004) compared the measured and modelled exposure levels of VOCs in GIS environment. Many studies have used the spatial analytical function of GIS in studying the atmospheric environment of cities by integrating GIS with atmospheric environmental models (Wu et al. 2011; Ballester et al. 2010; Aguilera et al. 2009; An et al. 2008; Tang and Wang 2007) .
According to data collected by the Air Quality Control Company (AQCC) and the Department of Environment (DOE), Tehran is one of the worst cities in the world in terms of air pollution. The studies made by Japan International Co-operation Agency (JICA), among all main emission sources, mobile sources are the largest contributor (about 71 %) of air pollution in Tehran (United Nations 2003). The main purposes of this study were to perform field measurements and apply statistical analysis procedures to spatially characterize and estimate the variability of hazardous benzene concentrations in an urban area of Tehran. The findings would provide a baseline against which future anthropogenic effects can be evaluated and also be useful for developing proper strategies to control the air quality. This is the first time that such an extensive study about benzene has been carried out in Tehran.
Materials and methods
The study area Tehran is located within latitude of 35°40 0 18 00 and longitude of 51°25 0 27 00 with an altitude of 1,191 m above the mean sea level in a semi-arid region of Iran. The hottest month is July (with mean minimum temperature of 26°C and mean maximum temperature of 36°C) and the coldest is January (with mean minimum temperature of -1°C and mean maximum temperature of 8°C). District 1 is situated in the north of Tehran and surrounded by a traffic corridor (Hastaie 2001 ). The present study aimed at determining and quantifying benzene concentrations in ambient air in different areas in the north of Tehran (District 1). Sampling was conducted at the 33 sites, in 5 categories including roadside (nine sampling stations), busy road (five sampling stations), residential area (eight sampling stations), traffic intersection (seven sampling stations), and outside gas station (four sampling stations) from 14:00 to 17:00 once a week during 5 April 2010-25 March 2011. Samplings were set up at about 1.5 m above the ground. The sampling stations are shown in Fig. 1 and Table 1 .
Sampling strategy
The sampling stations were selected on the basis of major activities in the region. The road network in this study is 25 km long. Spatial variability of benzene concentration levels in the ambient air were investigated through measurement at a network of 33 sites. The selected residential areas in this study were located quite far (100-500 m away) from the main roads and had negligible traffic flow. However, the results obtained from the eight residential sampling stations show benzene concentrations in the ambient air. At the roadsides, busy roads, and traffic intersection stations, the air quality is influenced by traffic density, slope of the road, and heavy (truck, buses, etc.) and light duty vehicles. In the outside gas station category, four gas stations with heavy traffic inflow including Aghdaseyeh (ID code = 27), Baghe Ferdos (ID code = 28), Velenjak (ID code = 29), and Pasdaran (ID code = 30) were selected to be monitored and monitoring was carried out 10-20 m away from the gas stations.
Benzene concentrations were measured by a portable Photo Ionization Detector (PID, Model PhoCheck 5000Ex, Ion Science Ltd, UK), which was calibrated by using 100 ppm of isobutene. PhoCheck is an intrinsically safe portable gas-detector, suitable for detection of VOCs by a PID. The PID instrument was placed near the stations, adjacent to the ring-stand holding the sampling device, and the data was recorded at 10-min intervals. The monitoring schedule in all stations followed 3 hourly samples during rush hours. The concentration levels of benzene were observed in a control area, which was a clean room and found to be equal to 0 ppb (PhoCheck+ Instrument User Manual V2.6 2012).
Benzene content of petrol
Benzene is an ordinary component of crude and refined petroleum. The mandatory decrease of lead alkyls in gasoline has led to an increase in the aromatic hydrocarbon content of gasoline to keep up high octane levels and antiknock properties (Tayanc 2000) . In urban areas, the benzene content of petrol is an important influential factor in determining benzene concentration level in the air. Generally, petrol production from petrochemical products and consumption of poor quality petrol are contributing to the air pollution crisis in Tehran. At present, two types of petrol with octane numbers of 87 and 95 are being used in the light duty vehicles in Tehran. In line with the objectives of the present study, samples were taken from five gas stations in Tehran and analyzed with gas chromatography (Table 2 ). According to the results, the mean benzene concentration is 4.26 vol%, whereas in many developed countries it is about 1 vol%.
Inverse distance weight (IDW) model
The trends of utilizing IDW model were closely analyzed. Tools like GIS and spatial interpolation methods such as IDW have been applied to make use of the sampling data to estimate the ambient air pollutant levels in the unmeasured Fig. 1 The location of 33 sampling sites in Tehran, Iran. Individual sampling locations of the study area are assigned as: RS roadside, GS gas station, RA residential area, TI traffic intersection, and BR busy road locations. Numerous studies have so far applied IDW to map air pollution levels, among which sulphur dioxide in Istanbul, Turkey (Mulholland et al. 1998; Tolbert et al. 2000) , ozone in northern Georgia (Bell 2006) , and particulates across the entire USA as well as in Beijing, China can be mentioned (Whitworth et al. 2011) . IDW is in fact, a statistical technique normally applied in environmental studies for optimal spatial prediction at unobserved locations. It is very useful when the distribution of the estimated parameters is not a normal one. IDW model is essentially based on the premise that the predictions are in a linear combination of available data. The IDW model formulas are given as Eqs. (1) and (2) (Xie et al. 2011) :
where Z(x) is the predicted value at an interpolated point, z i is the predicted value at a known point, n is the total number of known points used in interpolation, d i is the distance between point i and the prediction point, and w i is the weight assigned to point i. The greater weighting values are assigned to the values closer to the interpolated point.
As the distance increases, the weight decreases; u is the weighting power that decides how the weight decreases as distance increases.
In the adopted approach, spatial regressions of the mean annual and seasonal concentrations were supposed to be a function of time for each location. In the studied area, both major semi-axis and minor semi-axis have been chosen to be equal to 1,500 m 2 , and the proximity effect of the points in the above-mentioned method has been determined to be 33 points. The optimize value weighting power has been chosen to be 1. In order to cover the benzene dispersion pattern within the interested area, ArcGIS9.3 software with an additional supporting module, Analyst Geo-statistical (extension), and IDW model have been employed. Moreover, the regression functions, root-mean-square, and the mean values have been calculated, and the graphical output of benzene dispersion in Tehran has been depicted. Notably, the accuracy of the model results has been assessed by the cross-validation tools and SPSS software.
Results and discussion
High concentration levels of benzene were observed in all samples, and the values were much above the WHO's standard concentration levels (1.56-6.25 ppb). The seasonal and annual averages of total benzene concentrations at different stations are presented in Table 3 . GIS tool was employed to predict the benzene concentration levels and IDW interpolation model was chosen as a proper tool for calculations. Consequently, the predicted graphical results of the model were calculated and compared with the measured data in the sampling stations within four seasons. Table 3 shows the seasonal and annual benzene concentration levels measured and predicted by IDW model for 33 stations. To facilitate the interpretation of the simulated maps, each map was divided into three distinct parts, namely I, II, and III, covering western (left side), central and eastern (right side) parts of the map, respectively.
Based on the results shown in Table 2 , the benzene dispersion pattern in the spring is illustrated in Fig. 2a , which indicates that the highest benzene concentration levels are within the proximity of four gas stations (GS points shown on the map). It is noteworthy that such points have not affected other stations to a great extent in a way that in the right side and central parts of the studied area, the benzene concentration levels are in the range 0.6-3 ppb.
Obviously, the reduction in traffic flow volume and the higher precipitation rates in this season have played a significant role in the air pollution reduction. The related regression function obtained from IDW model for the spring is as shown in Eq. 3: y ¼ 0:718x þ 2:844 and R 2 ¼ 0:828 ð3Þ
As illustrated in Fig. 2b , dispersion of benzene around the gas stations in the summer have affected other areas much more than the spring time, so that the benzene concentrations within the right side of the map, the Farmaniye clinic station (ID code = 10) as a Traffic Intersection (TI) station, are in the range 14-20 ppb. According to the map, it is evident that the residential areas (ID code = 17 and 1) next to gas station 148 (ID code = 29) have been affected by benzene dispersions. The predicted benzene concentration levels in this residential area are in the range of 9-12 ppb. Higher ambient temperature, which is responsible for the greater gasoline evaporation in the gas stations, can be considered as the main reason of benzene pollution in this season. The related regression function obtained from IDW model for the summer is as shown in Eq. 4:
The benzene dispersion pattern in the fall has mostly been affected by weather conditions and, in particular, inversion phenomenon in this season. As can be seen in Fig. 2c , the residential stations including Anjoman (ID code = 6), Hashemi (ID code = 15), Hoseini (ID code = 16), Salimi (ID code = 25), and Andarzgoo (ID code = 5) have the lowest benzene concentration levels. The concentration level pertaining to these stations lies in the range 0.7-3 ppb. The related regression function obtained from IDW model for the fall is shown in Eq. 5:
In the winter, due to the reduction of traffic flow volume in the central area, i.e., Park-Shadi station (ID code = 12), as a station with the lower benzene concentration level, has been added to the predicted concentration pattern in the fall. Referring to Fig. 2d , the left side of the studied area shows an extremely high benzene concentration level, the range of which is between 12 and 18 ppb. The related regression function obtained from IDW model for the winter is:
It is evident that the benzene concentration levels in all stations are significantly high. This is mainly due to the lack of an appropriate system for removing and collecting the petrol vapors in the gas stations. To reach a better understanding of the annual benzene dispersion pattern in the studied area, the annual concentration levels obtained from 33 stations, similar to the abovementioned patterns, were simulated for District 1 of Tehran in a GIS environment. Figure 3 indicates that the highest benzene concentration levels occur at the eastern half part of the studied area and the benzene concentration levels for the stations 13, 21, 29, 28, and 32 are in the range 16-32 ppb. Thus, the eastern half part can be labeled as the most polluted area in the present study. The lowest benzene concentration levels are obtained from the central part of the studied area, i.e., stations 2, 3, 5, 6, 12, and 33, where covers a congested residential area. The above-mentioned explanation, no gas station can be found in part II, which accounts for the least annual benzene pollution level. Benzene concentration levels in this area fall in the range 0.6-4 ppb. Similar to part I, the higher benzene pollution levels occur in part III. However, the benzene concentration level decreases in the northern parts, due to the reduction of traffic flow volume and being far away from the pollution sources. In particular, Ozgol (ID code = 7) and Langary (ID code = 19) stations experience the lower benzene pollution levels of 0.9-5 ppb. The related annual regression function obtained from IDW model for 33 stations is: 
By examining the seasonal variations of benzene concentrations, it was found that the maximum and the minimum amounts occurred in the late fall/early winter and in the late spring/early summer, respectively (Fig. 4) . Generally, benzene concentration levels were higher in the winter and autumn than in the spring and summer, as found in many other cities (Ho et al. 2004) . Benzene concentrations reach to a maximum level in the winter due to the higher atmospheric stability conditions, and a minimum level in the summer. Since more sunlight and higher temperatures lead to higher chemical removal reaction rates, the chemical removal of benzene by OH radicals acts faster in the summer than in the winter (Ho et al. 2004; Parra et al. 2009 ). The least benzene concentration level was associated to the spring, which is almost evident in all five main categories (compared with the other stations). This is mainly related to seasonal benzene concentration variation and Iranian New Year holidays, when there is a considerable decline in traffic flow volume in the study area.
Referring to the results presented in Table 4 , the mean benzene concentrations for the five main groups in four seasons of the year were calculated using Microsoft Excel. The results showed that the mean annual benzene concentrations were 13.58 ± 0.738 ppb for the roads with heavy traffic, 14.98 ± 0.689 ppb for the traffic intersections, 29.01 ± 1.411 ppb for the vicinity of the gas stations, 3.26 ± 1.17 ppb for the residential areas, and 9.97 ± 1.319 ppb for the roadsides. It should be noted that the number of samples in the all 5 categories were 12 in each season, thereby amounting to 48 samples in a year. The observed benzene concentration levels at the sampling stations have been compared to the values reported from other parts of the world. The concentrations of benzene registered in this study were in the range of those found for benzene in Delhi and Cairo. European cities show generally lower benzene concentration levels, as those found in Germany and a number of British and Spain cities, while large cities are characterized by higher benzene pollution levels, such as those found in India and Iran (Table 5 ). In Shirogane (Japan), the benzene concentrations were found to be lower than those in Tehran (Abu-Allaban et al. 2002; Grosjean et al. 1998; Moschonas and Glavas 1996; Heeb et al. 1999; Derwent et al. 1995; Khillare et al. 2008; Schneider et al. 2001) .
Conclusion
Based on the measured data in this study, the gas stations and traffic flow level are two main reasons for high benzene concentration levels in this study. The overall average Schneider et al. (2001) pattern of benzene concentration levels were consistent across the five categories. The identified benzene concentration levels in a decreasing order were include: vicinity of the gas stations [ traffic intersection [ busy road [ roadside [ residential area. According to the results, the annual concentration levels of benzene was 13.85 ppb for roads with heavy traffic flow, 14.98 ppb for traffic intersections, 29.01 ppb for the vicinity of the gas stations, 3.26 ppb for residential areas, and 9.97 ppb for roadsides. In all stations, the measured average benzene concentration levels in the summer (13.83 ppb) were lower than those found in the winter (16.28 ppb). It is evident that the benzene concentration level in the vicinity of the gas stations is significantly high, which is mainly due to the lack of a system for removing and collecting the petrol vapors within the gas stations. The annual benzene concentration level in the vicinity of the gas stations is 29.01 ppb and the measurement station distance from the gas station was about 10 m. It should be mentioned that within the gas station and close to the gas pumps, the high levels of benzene concentrations have been detected with some samples including the range 110-240 ppb. Unfortunately, in establishment of the gas stations, distance to the residential areas, and the heavy traffic flows of the studied area have not been considered. Also, in Tehran, the concentration levels of VOCs, including benzene, is far above the standard concentration levels, which is mainly due to the poor quality of gasoline and lack of a standard system for controlling gasoline vapors and refusal of utilizing proper catalytic converters. As mentioned earlier in the introduction, the benzene content level of gasoline should not exceed than 1 % in volume. All members of European Union have been obligated to reduce the benzene content level of gasoline to less than 1 vol% since January 2000 and benzene content in all USA gasoline will be reduced to 0.62 vol% to comply with the Mobile Sources Air Toxics Rule (Official Journal of the European Communities L 313 2000; United States Federal Register 2007). However, in Iran, the gasoline contains benzene concentration levels of about 4-5 vol%. Normally, preventive and controlling measures can be the principal factors to minimize the benzene vapor emission in the atmosphere. According to the obtained results, the annual benzene concentration levels in Tehran air, if optimistic estimated, is 2-20 times more than the International standard levels (1.56 ppb). Therefore, gasoline quality improvement, including benzene minimization to less than 1 vol%, seems to be the first priority to control the benzene emissions in the air. The results from this study indicate that the high levels of benzene concentrations are capable of increasing the probability of cancer risk within the boundaries of Tehran. It is worth mentioning that the continual sampling and employing the GIS system and periodic benzene dispersion modeling within the urban areas are the most important measures for making decisions about places like Tehran.
